A suspension culture of soybean (Glycine max L.) was grown on a defined medium in whichi the nitrogen sources were nitrate (25 mM) and ammonium (2 mM). The source (3, 4, 8, 10, 16). Supplementing the media with mixtures of amino acids or commercial preparations of hydrolyzed proteins frequently enhances the growth (2, 14), although amino acids also may inhibit growth (5, 8) .
mediuni with nitrate (25 mM) as the sole nitrogen source.
Higher cell yields were obtained when ammonium (2 mM) or glutamine also was present. Supplementing the defined medium with high concentrations of ammonium (20 mM) inhibited growth of soybean, Haplopappus, and wheat cells. Addition of citrate (5 mM) relieved the inhibitory effects of ammonium in soybean and wlheat cells but not in the Haplopappus cells.
Plant cells cultured in liquid, defined media normally grow on nitrate or ammonium nitrate as the nitrogen source (3, 4, 8, 10, 16) . Supplementing the media with mixtures of amino acids or commercial preparations of hydrolyzed proteins frequently enhances the growth (2, 14) , although amino acids also may inhibit growth (5, 8) .
The concentration of nitrogen and the relative amounts of ammonium and nitrate may be critical for growth and morphogenesis of plant cells (10, 15) .
In an earlier report from this laboratory it was shown that a soybean cell culture growing on a defined medium required ammonium or glutamine in order to grow on nitrate (8 Table I (8) . The cells were grown in 250-ml DeLong flasks in a total volume of medium and inoculum of 40 ml. The flasks were incubated at 27 C in continuous light on a gyrotory shaker (6) .
The amino acids used in the experiments were filter-sterilized and added to the autoclaved medium.
Analytical Methods. For determining dry weight, the cells were collected on Miracloth, washed with water, and dried in a vacuum oven at 60 C for 20 hr. Total protein was determined by a micro-Kjeldahl method.
RESULTS
The results in Table II serve to illustrate that the lack of growth of soybean cells in nitrate alone is not influenced by the concentration of nitrate. The other important observation is the profound influence of ammonium on the utilization of nitrate reflected in the increased growth rate. Ammonium is only one form of reduced nitrogen, and other sources were subsequently tested. In a series of experiments a number of amino acids were added one at a time at a concentration of 1, 2, and 4 mm. These concentrations were selected since those were the levels at which ammonium sulfate was used. Cell growth was reduced in the presence of both isomers of most amino acids at the three concentrations. The data in Figure 1 show the effect on growth of the soybean cells when various amino acids were substituted for ammonium sulfate in the medium. The medium contained 25 mm nitrate, and the concentration of the amino acids was 4 mM. Addition of L-glutamine resulted in growth equal to that obtained with ammonium sulfate. The L-isomers of alanine and arginine could not replace ammonium, but the cell yield was higher than for cells grown in nitrate alone. Chromatographic analysis showed that the majority of the amino acids disappeared from the medium and were presumably absorbed.
The results in Figure 2 show the growth achieved by substituting glutamine, urea, and amino acids related to the urea cycle for ammonium sulfate. The L-glutamine was fully equal to ammonium sulfate in supporting growth. On the other hand, the D-iSomer did not support growth, which may partly be due to an inability of the cells to absorb D-glutamine. When (Fig. 3) . Individual amino acids were added together with 0.25 mm ammonium sulfate. Of the amino acids tested, only L-glutamine could supplement the ammonium salt. The L-isomer of glutamic acid was quite inhibitory, but addition of glutamine together with glutamic acid resulted in near normal growth. The amino acids were removed from the medium during incubation, suggesting that growth repression originated in the metabolic pathway at some point.
In order to test whether the requirement for ammonium or glutamine was unique for the soybean culture, several other cultures were tested (Table III relatively low (Table IV) Ammonium is a ready source of reduced nitrogen, and possibly is absorbed as the amine (1). It can be used as an alternative to glutamine in the formation of nucleotides (13) and indole (9) , but glutamine usually is preferred in the enzyme reactions. The enhancement of growth by low concentrations of ammonium appears to be a characteristic of the soybean cells and indicates that 
